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We address previous hypotheses about possible factors influencing the gender gap in attainment
in physics. Specifically, previous studies claim that male advantage may arise from multiple-choice
style questions, and that scaffolding may preferentially benefit female students. We claim that
female students are not disadvantaged by multiple-choice style questions, and also present some
alternative conclusions surrounding the scaffolding hypothesis. By taking both student attainment
level and the degree of question scaffolding into account, we identify questions which exhibit real
bias in favour of male students. We find that both multi-dimensional context and use of diagrams
are common elements of such questions.
I. INTRODUCTION
The gender gap in attainment in physics is consistent
and well documented. Across institutions, male students
outperform their female counterparts in terms of under-
graduate course performance [1–3], as well as outcome on
subject specific concept inventories (FCI [1, 4–7], BEMA
[8–10], and CSEM [10, 11]). At the UK Open University
(OU), we observe a significant difference in attainment on
the second level physics modules in favour of males, and
furthermore this gap is persistent across multiple years of
instruction.
While the existence of a real and significant gap is well
established, the contributing factors are less well under-
stood (see [12] for a review of 17 studies). Possible factors
include background and preparation, of which many pos-
sible measures exist. Previous studies identify concept in-
ventory pretest scores [9, 13], SAT math scores [7, 9, 13],
ACT math scores [9, 13], and prerequisite course grades
[9] to vary significantly by gender. Sociocultural factors
may also play a role, for example self-efficacy and CLASS
scores [14] (a measure of learning attitudes about sci-
ence). Finally, there is the issue of question construction
including type of question (constructed response, multiple
choice, or other selected response), presentation (graphs,
diagrams, words), and male-biased context (references to
sports and cannons). Here we focus on identifying factors
from the final category of question structure, as these are
the most readily modified.
A recent study from the University of Cambridge [15]
observes an interesting dependence on question structure
in the form of scaffolding. Scaffolding refers to the de-
gree to which a question guides the student through the
problem-solving process. Previous studies support the
use of scaffolding in aiding students’ learning and con-
ceptual understanding in physics [16–18]. However, [15]
is the first study to our knowledge to identify a depen-
dence on gender. It is therefore important to verify these
findings across institutions and student populations, prior
to taking action towards any instructional reform.
In light of the large and diverse student population of
the Open University, we find ourselves well situated to
address these issues. The goals of the present study are
to
1. Identify elements of question structure which may
be disadvantaging female students
2. Test the scaffolding hypothesis as a potential solu-
tion
Taking student ability (as measured by overall attainment
levels) and question difficulty into account, we identify
questions that pose significant male bias and those which
do not. We discuss our findings in the context of current
literature on the subject. Furthermore we challenge the
conclusions presented in [15], and offer some alternative
conclusions.
II. CONTEXT
The present study examines gender differences in at-
tainment observed in the second level (FHEQ Level 5)
physics modules at the Open University. We first spend
some time reviewing the structure of the Open University,
the modules in question, and the student population.
The Open University approaches higher education in
a non-traditional way in that there are no admission re-
quirements, and modules are completed at a distance with
substantial online elements. Students select and complete
modules, according to their needs, to make up a degree
comprised of 360 credits if desired. Students are attracted
to the open concept for a variety of reasons including flex-
ibility, part-time options, returning to study later in life,
and completing second degrees. We therefore expect that
the student population is demographically diverse. De-
spite differences in the student population, similar trends
in attainment gaps have been identified as at other insti-
tutions. Of particular interest is a large gap in attain-
ment at the second level, the first level at which physics
is taught as a separate module, which does not exist at
lower or higher levels.
The 60-credit second level physics modules (previously
S207, now S217) include mechanics, thermodynamics,
electricity and magnetism, quantum physics, and nuclear
physics at an introductory to intermediate level. Al-
though prerequisites are not enforced, it is expected that
students will have completed the introductory level one
science module, from which they will have gained some
familiarity with some of these topics as well as appropri-
ate mathematical preparation. The module population
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2TABLE I. A cross-table of the ith stratum depicting the num-
ber of students in each group (male and female) to get a
particular iCMA question correct or incorrect on the first at-
tempt. The total number of students in the ith stratum is
Ni = m
1
i +m
0
i + f
1
i + f
0
i .
Correct (1) Incorrect (0)
Male m1i m
0
i
Female f1i f
0
i
comprises a mixture of students intending to take further
physics modules and those intending to take further sci-
ence or mathematics modules outside of physics.
Throughout the module, students complete interactive
computer-marked assignments (iCMAs), which are short
problems requiring numeric open responses or selected
responses, in addition to tutor-marked assignments. Stu-
dents receive feedback on their iCMA answers and are
permitted to retry questions as many times as desired.
The module ends with an exam which contains, among
other components, long answer open response questions.
In this study, we analyze iCMA questions to identify any
gender bias, and look at exam long answer questions to
address the scaffolding hypothesis. Data was collected
over four recent presentations of the module; S207 in
2012-2014 and S217 in 2015. The total number of stu-
dents completing the module in this time period was 5535,
4286 (77%) males and 1249 (23%) females.
III. IDENTIFYING BIAS
A. The Mantel-Haenszel method
The Mantel-Haenszel method is a statistical technique
used to identify differences between groups using a strat-
ified data set [19]. The idea is that possible confounding
variables will be captured by the stratification.
In this case, we wish to detect iCMA questions which
exhibit significant male bias while accounting for student
ability and question difficulty. Therefore we take our two
groups to be male and female students, and students are
stratified according to ability as measured by their over-
all performance on iCMA questions. Table I shows a
cross-table representing the number of students in each
group answering an item correctly at the ith stratum.
For each item, we calculate the odds ratio (ratio of suc-
cess probabilities between groups) of the ith stratum as
m1i f
0
i /m
0
i f
1
i . A weighted average across all strata then
provides the overall odds ratio for a particular question,
referred to as the Mantel-Haenszel alpha:
αMH =
∑
im
1
i f
0
i /Ni∑
im
0
i f
1
i /Ni
. (1)
For ease of comparison, this is often converted to a loga-
TABLE II. Strength of bias (α∗MH) and significance (p) values
for iCMA questions of interest.
M1 M2 M3 F1 F2
α∗MH -2.9 -3.2 -3.3 .14 .39
p .045 .013 .032 .016 .037
rithmic scale as
α∗MH = −2.35 ln
(∑
im
1
i f
0
i /Ni∑
im
0
i f
1
i /Ni
)
. (2)
The sign and magnitude of α∗MH indicate the direction
and strength of bias within a question. Negative values
indicate a bias in favour of males, meaning that male stu-
dents have a greater probability of answering this question
correctly compared to female students of equal ability.
Likewise, positive values indicate a bias in favour of fe-
males. The absolute value of α∗MH indicates the strength
of the bias, and is deemed to be significant if |α∗MH | ≥ 1
[20].
As a second assurance of significance, each αMH value
is tested using a chi-squared distribution. In this case,
the null hypothesis is that the odds ratio is equal to one
at each stratum, and the alternative hypothesis is that at
least one odds ratio is different from unity [19]. In this
study, we flag questions as having significant bias if both
conditions i) |α∗MH | ≥ 1 and ii) p ≤ .05 are satisfied.
B. Analysis and results
Applying the Mantel-Haenszel method to 56 iCMA
questions flags 3 questions of significant bias, all in favour
of male students. Further, 2 questions were noted to be
of interest having significant p-values and insignificant
|α∗MH | values, but in favour of female students. These
items were included for being the only questions of some
significance with female bias. Table II shows the α∗MH
values with significance levels for each question of inter-
est. Questions are labeled as M1,M2,M3 (those having
male advantage) and F1, F2 (those having female advan-
tage). We note that M1, M2, and M3 all display very
strong levels of bias with |α∗MH | values well above the
threshold.
Fig. 1 shows the items displaying male bias. Notably,
all questions require interpreting a diagram of more than
one dimension, which we find to be consistent with cur-
rent literature. Wilson et al. [21] studied the impact
of question structure on the gender gap along five broad
dimensions: content, process required, difficulty, presen-
tation and context. They observed large gender gaps in
favour of males for questions which involved the process
of interpreting a diagram, which presented the question
using a significant diagram, and which involved more than
one spatial dimension. Studies which aim to identify gen-
der gaps on FCI questions have observed the largest dis-
parities on items 6 (path of ball leaving a channel), 12
3(a) M1: Inclined plane
(b) M2: Torque
(c) M3: Generic PVT surface
FIG. 1. iCMA items displaying bias in favour of male students
(path of cannonball fired off a cliff) [22], 14 (path of ob-
ject released from an airplane), and 23 (path of a rocket
after thrust is turned off) [1]. Clearly all of these items
involve predicting motion in two dimensions, and all are
presented using a diagram. The observed gender gap
on projectile-motion-like items is sometimes ascribed to
male-biased context [23]. However, attempts to reword
FCI items in a more traditionally female context have
failed to improve female performance [24]. In light of
this discussion we find the inclusion of item M3 partic-
ularly interesting. The content is thermodynamics, far
removed from kinematics or predicting motion. The con-
text is certainly not experienced or male-biased, and yet
a large and significant gap is observed. The only identifi-
able common trait among all items is the need to interpret
a multi-dimensional diagram.
Fig. 2 shows the items displaying female bias. As pre-
viously stated, these questions have significant p-values
but do not have significant |α∗MH | values, implying that
the bias is small. Nonetheless, these items are of interest
as the only female-biased questions of some significance.
Both items involve careful reading, a task suggested to
have a female advantage [25]. Interestingly, item F2 is on
the subject of predicting motion. This observation further
4(a) F1: Quantum physics (b) F2: Predicting motion
FIG. 2. iCMA questions displaying bias in favour of female students
supports the idea that male bias arises from the need to
interpret a diagram or multi-dimensional context, rather
than content related to predicting motion.
Other important observations arise from those ques-
tions which were not deemed to have significant bias. In
particular, we address the widely held belief of male ad-
vantage on multiple choice style questions [26–29]. Of
20 iCMA questions presented in multiple choice format,
none are observed to have a significant gender gap. These
include questions similar in content to items M1, M2, and
M3. Furthermore when item gaps are ranked in order of
significance, we find that multiple choice questions pop-
ulate the side of the spectrum of lesser significance. We
conclude that there is no evidence to suggest a female dis-
advantage owing to multiple choice structured questions.
IV. SCAFFOLDING
A. Scaffolding definition
Scaffolding is broadly defined to have occurred when an
expert or more knowledgeable person helps a learner to
accomplish tasks that would otherwise be unattainable
[30]. A traditional example would be a teacher provid-
ing strategic guidance and feedback while a student com-
pletes a problem. In more recent years this definition has
evolved to include interactive computer-assisted learning,
as well as peer instruction and similar socialized learning
environments [31].
Due to widespread usage of the term “scaffolding” in
multiple circumstances, it is important to carefully define
the term in the context of physics education research. In
the present study, we consider scaffolding only as it may
be applied to written exam questions. We define 6 gen-
eral ways in which scaffolding can occur (elements), and
further provide specific instances of each that are likely
to be encountered in physics problems. Table III shows a
complete itemization of the elements. Many elements are
adapted from the guidelines outlined in [32], which com-
bines theoretical foundations with prior work to define
a common framework for scaffolding within computer-
assisted assignments. The element of conceptual prompt-
ing is motivated by [16]. There it was shown that stu-
dents will successfully apply physics concepts to problems
if they are prompted to identify the concept immediately
beforehand. Taken together, the elements listed in Table
III define what is meant by scaffolding within this study.
B. Gains by gender
In a study on question structure and its impact on the
gender gap, Gibson et al. [15] administered 2 versions
of an exam. One exam used highly scaffolded questions,
and one used traditional exam style questions. Between
the low and high scaffolding versions, female students
achieved a gain in exam score of 13.4% while male stu-
dents achieved a gain of 9.0%. The study therefore con-
cludes that scaffolding benefits all students, but that fe-
male students benefit preferentially. We observe no such
preferential treatment, and argue that other factors may
be at play.
Using the elements of scaffolding and individual items
as a scoring system, all exam questions were assigned a
“scaffolding score”. Questions displaying 2 or fewer items
were labeled as low scaffolding, and questions with 7 or
more items were labeled as high scaffolding. All questions
belonging to either group can be found in the appendix.
Fig. 3 shows the performance of students on each ques-
tion by gender, and Table IV shows the average perfor-
mance as well as gains provided by increased scaffolding.
The average gain is 6.6% for female students, and 5.2%
for male students.
Although not as clear, the data does at first glance
seem to support the conclusions of [15]. Male students
outperform female students on the low scaffolding ques-
tions by 2.9% (p = .087), and by only 1.4% on the high
scaffolding questions (p = .42). However neither result is
statistically significant, and we should also consider how
5TABLE III. The 6 elements of scaffolding (bold), with itemized examples of how each element is likely to appear in written
physics problems.
use of representations and language to bridge expert-novice understanding
1. technical words are described in everyday language
2. mathematical symbols are explained in words
3. a diagram is used to give meaning to technical words or symbols
reduction of cognitive overhead
4. includes a math (or other background) reminder
5. somehow automates a routine task (eg. unit conversions given, constants given that could have been looked up)
6. no penalty for missing sig figs, wrong unit, wrong numeric value or other nonsalient component of the question
7. provides a diagram or graph that the student could have constructed with the available information
insertion of expert knowledge
8. expert directed focus is used (eg. key information is highlighted using bold or italicized text)
9. explicitly instructs student to make an expert assumption (eg. “you may ignore air resistance”)
10. the student is warned of a common mistake or relevant misconception
ordered task decomposition (provide structure for complex tasks)
11. each part of the question contains only one expected output (numeric or otherwise)
12. an output (numeric or otherwise) is required in subsequent work
13. marks are awarded for interpreting outputs (no further calculation required)
14. question has a wide mark distribution (each part is worth less than 50% of the total awarded marks)
conceptual prompting
15. asks student to define or explain an equation that they should use
16. asks student to identify a concept that they should make use of
17. asks student to draw a diagram before beginning the problem
reduction of degrees of freedom
18. gives student the appropriate equation to use
19. prompts at how the question is expected to be solved (eg. “using the principle of conversation of energy...”)
20. explicitly instructs student on how to begin a task
(a) Low scaffolding questions (b) High scaffolding questions
FIG. 3. Average performance (percentage score) of female (red) and male (green) students on all exam questions belonging to
the low (a) and high (b) scaffolding groups. Exam questions are labeled as they appear in the appendix.
scaffolding benefits students performing at different lev-
els. Intuitively, we expect that scaffolding cannot greatly
benefit the highest achieving students (who likely know
the information and do not have much room to improve)
or the lowest achieving students (who are too unprepared
for scaffolding to provide a use). Students completing
module S207 and S217 are assigned a level (1-4) based
on overall performance on the module (1 being the high-
est level of achievement). Table V shows the average
score of students on the low and high scaffolding ques-
tions by level, as well as the number of male and female
6TABLE IV. Average performance by gender on exam ques-
tions assigned to the low and high scaffolding groups. Differ-
ence represents the average difference in exam grade between
genders. Gain represents the increase in average exam score
as a result of increased scaffolding.
Male Female Difference
Low scaffolding 65.4 62.5 2.9
High scaffolding 70.5 69.1 1.4
Gain 5.2 6.6
TABLE V. Average performance by level on exam questions
assigned to the low and high scaffolding groups. Gain repre-
sents the increase in average exam score as a result of increased
scaffolding. N represents the total number of students achiev-
ing each level by gender.
Level 1 2 3 4
Low average 90.5 69.5 52.5 40.7
High average 90.8 76.5 61.2 46.1
Gain 0.33 7.0 8.7 5.4
N males 414 732 577 297
N females 85 248 151 71
students in each level. As expected, scaffolding provides
the greatest gains to the intermediate students. Perform-
ing a weighted average of gains across level by the number
of female and male students in each level can give us an
idea of the expected gains by gender. Doing this, we es-
timate expected gains of 6.2% for female students, and
5.8% for male students. The expected gain is higher for
female students as a consequence of the fact that fewer
female students achieve a level 1. The expected gains are
not significantly different than the actual gains for either
gender, and therefore we conclude that preferential female
gain is simply an artifact of gain dependency on level.
C. Questions of interest
Although scaffolding does not appear to preferentially
benefit female students in general, we note some particu-
lar questions of interest. Fig. 4 shows one question from
the low scaffolding group (L), and one question from the
high scaffolding group (H). Both are 2-dimensional pro-
jectile motion questions, but display significant perfor-
mance differences. Table VI shows the average perfor-
mance on each question, and the difference between gen-
ders with significance levels. Of all exam questions, L
exhibits one of the most significant differences in perfor-
mance between genders, and H shows no significant dif-
ference. The scaffolding gains are comparable to those
observed in [15] (13.4% for females, 8.8% for males). We
conclude that scaffolding may play a role in reducing the
gender gap in specific types of problems which were previ-
ously identified to contain a male bias, namely questions
involving multi-dimensional context.
(a) L: Low scaffolding
(b) H: High scaffolding
FIG. 4. A pair of 2-dimensional projectile motion problems,
of different scaffolding levels. Male students very significantly
outperform female students on L, but performance is equal
across gender on H.
TABLE VI. Average performance of students on questions
of interest L and H by gender. The difference between male
and female attainment is displayed along with the significance
level (p-values).
Male Female Difference Significance (p)
L 64.5 56.6 7.8 0.013
H 73.3 70.0 3.3 0.46
7V. DISCUSSION AND CONCLUSIONS
In summary, we have identified elements of question
structure that promote male bias, and further address the
scaffolding hypothesis as a potential solution. We con-
clude that neither the use of multiple-choice style ques-
tions nor the level of scaffolding can sufficiently explain
the gender gap.
We have used a Mantel-Haenszel stratified analysis to
account for student ability, and find iCMA questions with
significant performance differences between genders. By
flagging only those questions which display significant
bias in both measures (|α∗MH | and p), we have reduced
the possibility of flagging false positives. We therefore
conclude that the 3 flagged questions exhibit real and
significant male bias. All questions involve interpreting a
diagram, and all involve multi-dimensional context. Our
findings are in agreement with [21], and similar studies
on the FCI [1, 22]. Because multi-dimensional diagrams
appear most frequently in mechanics problems, previous
studies may have incorrectly attributed male bias to me-
chanics content. Further investigation with more types
of questions will be required to separate the variables of
content and presentation.
Scaffolding has recently been argued to preferentially
benefit female students [15], and therefore have the po-
tential to aid in reducing the gender gap. The study of
Gibson et al. uses a smaller number of students and less
varied exam content than the present study to reach this
conclusion. In a similar analysis, we do not observe a
dependence on gender, and argue that any perceived de-
pendence is actually due to student achievement level.
The advantage of [15] is that exam questions were de-
signed specifically to measure scaffolding gains, whereas
the present study collected data from actual exam re-
sponses. Therefore questions between the low and high
scaffolding groups do not match onto each other exactly
as in [15]. Future studies can make use of the elements of
scaffolding to produce low and high scaffolding versions
of the same question for use in experimental exams.
Even if scaffolding does not preferentially benefit female
students in general, it may still play a role in reducing the
gender gap. We make note of a pair of questions involv-
ing multi-dimensional context (2D projectile motion), for
which the gap is reduced between low and high scaffolding
versions. If male bias within a question can be reduced
by increased scaffolding for novice students, then this pro-
vides a route to addressing gender gaps in attainment.
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8Appendix: Exam questions labeled as low and high
scaffolding
FIG. 5. Low scaffolding: 12J-20
FIG. 6. Low scaffolding: 12J-24
FIG. 7. Low scaffolding: 12J-26
FIG. 8. Low scaffolding: 13J-20
FIG. 9. Low scaffolding: 13J-21
9FIG. 10. Low scaffolding: 14J-23
FIG. 11. Low scaffolding: 14J-25
FIG. 12. High scaffolding: 14J-20
FIG. 13. High scaffolding: 14J-21
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FIG. 14. High scaffolding: 14J-24
FIG. 15. High scaffolding: 15J-11
FIG. 16. High scaffolding: 15J-12
FIG. 17. High scaffolding: 15J-13
11
FIG. 18. High scaffolding: 15J-14
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